Introduction
============

Ischemic heart disease is a serious threat to human health ([@b1-mmr-22-03-1839]). Although treatments such as thrombolysis, interventional therapy and coronary artery bypass graft are effective in improving myocardial ischemia in patients, these treatments cannot make up the loss of cardiomyocytes at myocardial ischemia, thereby affecting the cardiac functions of patients, even eventually causing heart failure for some patients ([@b2-mmr-22-03-1839]). With improved understanding of stem cells, the use of their differentiation potential to regenerate cardiomyocytes has become a new strategy for the treatment of ischemic heart disease ([@b2-mmr-22-03-1839],[@b3-mmr-22-03-1839]). Since there are recurrent issues associated with the direct transplantation of stem cells including low engraftment rate, arrhythmia and tumorigenesis ([@b4-mmr-22-03-1839]--[@b6-mmr-22-03-1839]), it is generally believed that pre-differentiation of stem cells into cardiac precursor cells for transplantation is safer and more effective than direct transplantation of stem cells ([@b7-mmr-22-03-1839],[@b8-mmr-22-03-1839]). Therefore, improving the efficiency of pre-differentiated cardiac precursor cells to further differentiate into cardiomyocytes and promote the migration of these cells to the injured area has become a focus of research.

Tanshinone IIA (TanIIA) is a key active component of *Salvia miltiorrhiza* Bunge (SM), a deciduous perennial plant native to China; it has been demonstrated to prevent the incidence of ischemic heart disease by lowering blood lipids ([@b9-mmr-22-03-1839]), alleviating atherosclerosis ([@b10-mmr-22-03-1839]) and preventing thrombosis ([@b11-mmr-22-03-1839]). It improves the tissue environment of damaged myocardium by inhibiting inflammatory responses ([@b12-mmr-22-03-1839]), dilating coronary arteries ([@b13-mmr-22-03-1839]), increasing coronary blood flow ([@b14-mmr-22-03-1839]) and reducing myocardial hypoxia ([@b13-mmr-22-03-1839],[@b14-mmr-22-03-1839]). In addition, TanIIA can suppress the ischemia-induced arrhythmia and reduce myocardial infarct size ([@b15-mmr-22-03-1839],[@b16-mmr-22-03-1839]). Our previous study demonstrated that TanIIA could induce human placenta-derived mesenchymal stem cells to differentiate into cardiomyocytes ([@b17-mmr-22-03-1839]). In view of the above, it was hypothesized that further TanIIA treatment following cell transplantation may promote the cardiac regeneration efficiency of transplanted cells.

Wnt signaling plays an important role in heart development and particularly in cardiomyocyte differentiation, and the canonical and the noncanonical Wnt pathways are involved during various stages of cardiac differentiation ([@b18-mmr-22-03-1839]). It is well known that the heart develops from the mesoderm ([@b19-mmr-22-03-1839]). Following mesoderm formation, inhibition of canonical Wnt/β-catenin signaling can promote cardiac differentiation ([@b19-mmr-22-03-1839]--[@b21-mmr-22-03-1839]), while noncanonical Wnt signaling can inhibit canonical Wnt/β-catenin signaling through multiple mechanisms, thereby further promoting cardiac differentiation ([@b22-mmr-22-03-1839],[@b23-mmr-22-03-1839]). In addition to its role in heart development and cardiomyocyte differentiation, Wnt/β-catenin signaling is also involved in the regulation of cell migration ([@b24-mmr-22-03-1839]). Therefore, it was hypothesized that TanIIA may promote the differentiation of pre-differentiated cardiac precursor cells into cardiomyocytes and improve the motility of these cells to the injured area by modulating the Wnt/β-catenin signaling pathway. H9c2, a permanent cardiac cell line isolated from embryonic rat heart, is used as an *in vitro* cell model for cardiac differentiation due to its ability to differentiate into cardiomyocytes ([@b25-mmr-22-03-1839],[@b26-mmr-22-03-1839]). Since the application of human-derived cardiac progenitor stem cells is restricted by some factors, such as the supply and ethics ([@b27-mmr-22-03-1839]), the present study employed H9c2 cells to simulate the pre-differentiated cardiac precursor cells to corroborate our aforementioned speculation *in vitro*.

Materials and methods
=====================

### Cell culture

H9c2 cells were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin in 5% CO~2~ at 37°C. In all experiments, cells in logarithmic phase were used.

### Evaluation of the effect of TanIIA on the proliferation of H9c2 cells using MTS assay

H9c2 cells were inoculated in 96-well plates at an initial density of 5,000 cells/well and cultured in DMEM supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin. The next day, cells were treated with TanIIA at different concentrations (0.01, 0.02, 0.04, 0.06, 0.08, 0.1, 0.2, 0.4, 0.6, 0.8, 1, 5, 10 and 20 mg/l) for 4 days. At the end of the incubation, cell proliferation was determined using 3-(4,5-diethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4- sulfophenyl)-2H-tetrazolium (MTS) assay following the manufacturer\'s protocols (Promega Corporation). Over the course of the experiment, the culture medium was not changed for 5 days from the beginning of cell seeding to the next day of dosing until the final detection, to avoid the detected cells being washed away, and the influence of changing culture medium on the experimental result. After 4 days of incubation with or without TanIIA, cell proliferative activity was also evaluated by the expression changes of proteins related to cell cycle \[cyclin dependent kinase (CDK)4, CDK6 and cyclin D1\] and proliferation \[c-Myc, octamer-binding transcription factor 4 (Oct4) and proliferating cell nuclear antigen (PCNA)\]. Meanwhile, cell apoptosis was evaluated by the expression changes in caspase-3 and cleaved caspase-3. Changes in the expression levels of the aforementioned proteins were evaluated by western blotting.

### Evaluation of the effect of TanIIA on the expression of cardiac troponin (cTn) using immunohistochemistry

H9c2 cells were treated with TanIIA or TanIIA combined with β-catenin agonist WAY-262611 for 7 days. The treated cells were washed with PBS and fixed with 4% paraformaldehyde for 20 min at room temperature, permeabilized with 0.2% Triton X-100 for 10 min at room temperature, and blocked with a serum blocking solution (cat. no. P0260; Beyotime Institute of Biotechnology) for 5 min at room temperature. The cells were then incubated with cTnI (1:100 dilution; cat. no. ab47003; Abcam) and cTnT (1:100 dilution; cat. no. ab115134; Abcam) overnight at 4°C, followed by incubation with horseradish peroxidase (HRP) conjugated goat anti-rabbit IgG (1:5,000 dilution; cat. no. ab6721; Abcam) for 10 min at room temperature. Following an incubation period of 10 min with streptavidin-HRP and 5 min with DAB (cat. no. P0203; Beyotime Institute of Biotechnology), cells were observed under a microscope (magnification, ×200) (Leica dMI1; Leica Microsystems, Inc.). For each step, cells were washed three times with PBS.

### Evaluation of the effect of TanIIA on cell motility using scratch assay

H9c2 cells were treated with TanIIA or TanIIA combined with β-catenin agonist WAY-262611 for 7 days, and then harvested. The cells were replated in 6-well plates and cultured to full confluence. The cell layers were scratched with a 200-µl pipette tip, and then washed thoroughly and further incubated in serum-free medium for 48 h. Images were captured at 0 and 48 h using an inverted microscope (magnification, ×200) (Leica dMI1; Leica Microsystems, Inc.). In our experiments, wound closure=(wound area of T~0~-wound area of T~t~)/wound area of T~0~ ×100%.

### Evaluation of the effect of TanIIA on the expression of cTn and the key components in the canonical and noncanonical Wnt pathway using western blotting

H9c2 cells were treated with TanIIA for 4 days or treated with TanIIA or TanIIA combined with β-catenin agonist WAY-262611 for 7 days. The treated cells were washed with pre-cooled PBS twice and then collected. Total proteins were extracted with cell lysis buffer (cat. no. P0013b; Beyotime Institute of Biotechnology) according to the manufacturer\'s protocol. The protein quantity was determined by bicinchoninic acid assay (BioTek Instruments, Inc.). Equal quantities of protein (30 µg) were respectively separated with sodium dodecyl sulfate-polyacrylamide gel electrophoresis on 8 or 10% gel and then transferred onto polyvinylidene difluoride membranes. The membranes were blocked with 5% non-fat milk for 1 h at room temperature. Membranes containing protein extracted from cells treated for 4 days were incubated overnight at 4°C with the following antibodies: GAPDH (1:1,000 dilution; cat. no. ab9485), β-actin (1:1,000 dilution; cat. no. ab8227), CDK4 (1:500 dilution; cat. no. WL02274), CDK6 (1:500 dilution; cat. no. WL03460), Cyclin D1 (1:500 dilution; cat. no. WL01435a), c-Myc (1:500 dilution; cat. no. WL01781), octamer-binding transcription factor 4 (Oct4; 1:500 dilution; cat. no. WL02020), PCNA (1:500 dilution; cat. no. WL02208), caspase-3 (1:500 dilution; cat. no. WL04004), or cleaved caspase-3 (1:500 dilution; cat. no. WL01992; GAPDH and β-actin from Abcam, others from Wanleibio Co., Ltd.), and the membranes containing protein extracted from cells treated for 7 days were incubated overnight at 4°C with the following antibodies: GAPDH, β-actin, CDK4, CDK6, cyclin D1, c-Myc, Oct4, PCNA, glycogen synthase kinase 3 (GSK-3β; 1:1,000 dilution; cat. no. ab131356; Abcam), adenomatous polyposis coli (APC; 1:1,000 dilution; cat. no. ab40778; Abcam), β-catenin (1:1,000 dilution; cat. no. ab2365; Abcam), Wnt 5a (1:1,000 dilution; cat. no. ab174963; Abcam), Wnt 11 (1:1,000 dilution; cat. no. ab31962; Abcam), cTnI (1:1,000 dilution; cat. no. ab47003; Abcam), cTnT (1:1,000 dilution; cat. no. ab115134; Abcam), C-X-C chemokine receptor type 4 (CXCR4; 1:500 dilution; cat. no. WL02421; Wanleibio Co., Ltd.), or C-C chemokine receptor type 2 (CCR2; 1:500 dilution; cat. no. WL03663; Wanleibio Co., Ltd.). This was followed by incubation with HRP-conjugated goat anti-rabbit IgG (1:5,000 dilution; cat. no. ab6721; Abcam) for 2 h at room temperature. Antibodies were detected using the chemiluminescence detection kit (Omega Lum G; Aplegen Inc.), and the detection results were quantified by ImageJ (version 1.4.3.67; National Institutes of Health).

### Statistical analysis

Each experiment was repeated at least three times. All data were presented as mean ± standard deviation. Statistical analysis was performed using SPSS 13.0 software (SPSS, Inc). A one-way analysis of variance was used for comparisons among the groups, and Bonferroni\'s post hoc test was used to compare the means of each two groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### TanIIA inhibits cell proliferation of H9c2 cells

In order to select a reasonable concentration of TanIIA for the present study, the proliferation of H9c2 cells treated with TanIIA in a concentration range from 0 to 20 mg/l for 4 days was evaluated using MTS assay. Starting at 0.4 mg/l, TanIIA induced a marked reduction in cell number, which reached a plateau at 0.6 mg/l which ended at 2 mg/l; there was no significant difference at 2 mg/l compared with 0.6 mg/l ([Fig. 1A](#f1-mmr-22-03-1839){ref-type="fig"}). Based on this result, 0.6 mg/l was selected as the concentration used throughout the present study to evaluate the effect of TanIIA on cardiac differentiation.

The inhibition of cell proliferation treated with 0.6 mg/l TanIIA for 4 days was also demonstrated by the decreased expression of proteins related to the cell cycle (CDK4, CDK6 and cyclin D1) ([Fig. 1B-a](#f1-mmr-22-03-1839){ref-type="fig"}) and proliferation (c-Myc, Oct4 and PCNA) ([Fig. 1B-b](#f1-mmr-22-03-1839){ref-type="fig"}) when compared to the control. To further corroborate the inhibition of cell proliferation was not caused by apoptosis, cell apoptosis and the expression of caspase-3 and cleaved caspase-3 were evaluated. The results demonstrated that cell proliferation inhibition induced by TanIIA was not accompanied by changes in cell apoptosis or expression of caspase-3 and cleaved caspase-3 ([Fig. 1B-c](#f1-mmr-22-03-1839){ref-type="fig"}).

### TanIIA promotes the expression of cTn

Immunohistochemistry was used to evaluate the expression of cTn. The results demonstrated that the expression of cTnI and cTnT was increased following TanIIA incubation for 7 days. Meanwhile, some cells were markedly increased in size, indicating that cardiomyotubes area was enhanced ([Fig. 2A](#f2-mmr-22-03-1839){ref-type="fig"}). This suggested that TanIIA promoted cardiac differentiation of H9c2 cells. In addition, the aforementioned results were further corroborated by the significantly increased expression of cTnI and cTnT in the cells treated with 0.6 mg/l TanIIA for 7 days as evaluated by western blot analysis ([Fig. 2B](#f2-mmr-22-03-1839){ref-type="fig"}).

### TanIIA modulates the expression of key components of the canonical and noncanonical Wnt signaling pathway

Western blotting was used to evaluate the expression of key components of the canonical and noncanonical Wnt signaling pathway. The results indicated that following incubation of H9c2 cells with 0.6 mg/l TanIIA for 7 days, the expression of the negative regulator GSK-3β and APC of the canonical Wnt signaling pathway was increased, as expected, and the expression of the core protein β-catenin of the canonical Wnt signaling pathway was significantly decreased ([Fig. 3A](#f3-mmr-22-03-1839){ref-type="fig"}). The expression of two non-canonical Wnt signaling members Wnt5a and Wnt11 was significantly increased ([Fig. 3B](#f3-mmr-22-03-1839){ref-type="fig"}).

### TanIIA increases cell motility

Scratch assay was performed to evaluate the effect of TanIIA on the motility of treated cells. The results demonstrated that compared with those in the control group, a greater number of TanIIA-treated cells were migrated from the wound edge towards the wound area ([Fig. 4A](#f4-mmr-22-03-1839){ref-type="fig"}). Since CXCR4 and CCR2 are important chemokine receptors that regulates cell motility ([@b28-mmr-22-03-1839],[@b29-mmr-22-03-1839]), their expression in TanIIA-treated cells were next evaluated. The expression of CXCR4 and CCR2 in the cells treated with TanIIA was significantly increased ([Fig. 4B](#f4-mmr-22-03-1839){ref-type="fig"}).

### β-catenin agonist WAY-262611 intervention results in upregulated expression of proteins related to cell cycle and proliferation in H9c2 cells treated with TanIIA

Previous studies have demonstrated that following mesoderm formation, inhibition of canonical Wnt/β-catenin signaling can promote cardiac differentiation ([@b19-mmr-22-03-1839],[@b20-mmr-22-03-1839]), while noncanonical Wnt signaling can inhibit canonical Wnt/β-catenin signaling through multiple mechanisms, thereby further promoting cardiac differentiation ([@b22-mmr-22-03-1839],[@b23-mmr-22-03-1839]). The above results indicated that TanIIA may promote cardiac differentiation and improve cell motility by modulating canonical Wnt/β-catenin signaling pathway. To further confirm the hypothesis, the expression changes of proteins related to cell cycle (CDK4, CDK6 and cyclin D1) and proliferation (c-Myc, Oct4 and PCNA) were assessed in TanIIA-treated cells following β-catenin agonist WAY-262611 intervention. The results suggested that following the intervention of β-catenin agonist WAY-262611, the expression of β-catenin ([Fig. 5A](#f5-mmr-22-03-1839){ref-type="fig"}) and proteins related to cell cycle (CDK4, CDK6 and cyclin D1) ([Fig. 5B](#f5-mmr-22-03-1839){ref-type="fig"}) or proliferation (c-Myc, Oct4 and PCNA) ([Fig. 5C](#f5-mmr-22-03-1839){ref-type="fig"}) in the TanIIA-treated H9c2 cells were increased significantly, suggesting that the proliferative activity of the TanIIA-treated H9c2 cells was enhanced and might be accompanied by a reduction in cardiac differentiation.

### β-catenin agonist WAY-262611 intervention results in decreased cTn expression and cell motility in TanIIA-treated cells

To confirm whether β-catenin agonist WAY-262611 intervention results in the increase in cell proliferation and the decrease in cardiac differentiation in TanIIA-treated cells, the expression of cTnI and cTnT was evaluated by immunohistochemistry. The results demonstrated that compared with treatment with TanIIA alone, the expression of cTnI and cTnT in cells treated with TanIIA combined with WAY-262611 was markedly decreased ([Fig. 6A](#f6-mmr-22-03-1839){ref-type="fig"}), which was further corroborated by western blot analysis ([Fig. 6B](#f6-mmr-22-03-1839){ref-type="fig"}). In addition, the motility of cells treated with TanIIA combined with WAY-262611 was decreased compared with treatment with TanIIA alone ([Fig. 6C](#f6-mmr-22-03-1839){ref-type="fig"}), and the expression of CXCR4 and CCR2 was also significantly decreased ([Fig. 6D](#f6-mmr-22-03-1839){ref-type="fig"}).

Discussion
==========

Using the differentiation potential of stem cells to regenerate cardiomyocytes for treatment of ischemic heart disease has been studied for decades, and at present it is generally believed that pre-differentiation of stem cells into cardiac precursor cells for transplantation is safer and more effective than direct transplantation of stem cells ([@b7-mmr-22-03-1839],[@b8-mmr-22-03-1839]). Even so, previous preclinical studies ([@b8-mmr-22-03-1839],[@b30-mmr-22-03-1839]) have shown some limitations in the application of cardiac regeneration and the challenge of complete cardiac regeneration will require: i) Improvement of the recipient myocardial tissue environment before the implantation of cells, ii) reduction of the transplantation-mediated arrhythmia and iii) increase of the efficiency of the pre-differentiated cardiac precursor cells to further differentiate to functional cardiomyocytes and promotion of the migration of these cells to the injured area. Tanshinone IIA (TanIIA) is a key active component of *Salvia miltiorrhiza* Bunge and is widely used in China and other neighboring countries to prevent and treat cardiovascular disorders ([@b15-mmr-22-03-1839]). Previous studies have reported that TanIIA can improve the tissue environment of damaged myocardium and suppress the ischemia-induced arrhythmia ([@b12-mmr-22-03-1839]--[@b14-mmr-22-03-1839],[@b31-mmr-22-03-1839]). Therefore, TanIIA may help solve the above problems i) and ii) facing cardiac regeneration. In addition, previous studies have also demonstrated that TanIIA can reduce myocardial infarct size ([@b16-mmr-22-03-1839],[@b32-mmr-22-03-1839],[@b33-mmr-22-03-1839]), and the results of the present study indicated that TanIIA could induce the differentiation of stem cells into cardiomyocytes ([@b17-mmr-22-03-1839],[@b34-mmr-22-03-1839]). Therefore, it was hypothesized that TanIIA also improves the efficiency of the pre-differentiated cardiac precursor cells to further differentiate into cardiomyocytes and promote the migration of these cells to the injured area. The present study employed H9c2 cells to simulate the pre-differentiated cardiac precursor cells to corroborate the hypothesis. Since H9c2 cells have a certain proliferative capacity, and cardiomyocytes do not, when H9c2 cells are induced to differentiate into cardiomyocytes, cell numbers in the induction and differentiation group will be lower compared with the untreated group. Hence, here is a negative relationship between the proliferation and differentiation of H9c2 cells ([@b25-mmr-22-03-1839],[@b26-mmr-22-03-1839]). Therefore, the effect of TanIIA on the proliferation of H9c2 cells was first evaluated. The results demonstrated that starting at 0.4 mg/l, TanIIA induced a significant reduction in cell numbers, which reached a plateau at 0.6 mg/l and ended at 2 mg/l, and there was no significant difference at 2 mg/l compared with 0.6 mg/l. Meanwhile, dead cells were not observed in the culture medium. However, although TanIIA at a concentration higher than 2 mg/l could better inhibit the proliferation of H9c2 cells, a large number of dead cells were observed in the culture medium, and the number of dead cells was positively correlated with the concentration of TanIIA, suggesting that the inhibition of cell proliferation caused by higher concentration of TanIIA arose from cell apoptosis. In view of the above, 0.6 mg/l TanIIA was preferred for better assessment of its effect on cardiac differentiation. To further corroborated that the inhibition of cell proliferation may be caused by cell differentiation rather than cell apoptosis, western blotting was then used to evaluate the expression of proteins related to cell cycle (CDK4, CDK6 and cyclin D1), proliferation (c-Myc, Oct4 and PCNA) and apoptosis (cleaved caspase-3). The results demonstrated that TanIIA could inhibit the proliferation of H9c2 cells by downregulating the expression of proteins related to cell cycle (CDK4, CDK6 and cyclin D1) and proliferation (c-Myc, Oct4 and PCNA), while the cell proliferation inhibition was not accompanied by changes in cell apoptosis or the expression of pro-apoptotic proteins caspase-3 and cleaved caspase-3. Cardiac differentiation is a step-by-step process, starting from an early stage, through a middle stage, and finally into the mature stage. At different differentiation stages, the characteristic genes and proteins expressed by differentiated cells also differ ([@b35-mmr-22-03-1839],[@b36-mmr-22-03-1839]). Among them, cTn is the characteristic protein expressed by the differentiated cells in the middle-late or mature cardiac differentiation stages, and this is also the reason why cTn is used as the standard biomarker for detecting acute myocardial necrosis ([@b35-mmr-22-03-1839],[@b36-mmr-22-03-1839]). The H9c2 cells used in the present study are still in the middle stage of cardiac differentiation before being induced to differentiate into cardiomyocytes and although they also express cTn, the expression level is significantly lower compared with cells in the late or mature stage of cardiac differentiation. Therefore, after evaluating the effect of TanIIA on the proliferation of H9c2 cells, the effect of TanIIA on the differentiation of H9c2 into cardiomyocytes was then determined by detecting the expression level of cTn. The results demonstrated that the expression of cTnI and cTnT in the cells treated by TanIIA was significantly higher than that in the cells untreated by TanIIA, which suggested that TanIIA promoted cardiac differentiation of H9c2 cells. In addition, the results also indicated that TanIIA could significantly improve the motility of the differentiated cells and promote their migration towards the injured area by upregulating the expression of chemokine receptors CXCR4 and CCR2.

The canonical Wnt/β-catenin pathway regulates stem cell pluripotency and cell fate decisions during development ([@b18-mmr-22-03-1839]). Various studies indicate that Wnt/β-catenin signaling is required for mesoderm formation, while, following mesoderm formation, Wnt/β-catenin signaling inhibition can efficiently specify cells to cardiomyocyte fates ([@b19-mmr-22-03-1839]--[@b21-mmr-22-03-1839]). It is known that in the absence of Wnt, β-catenin is phosphorylated by the synergy of CK1 and APC/Axin/GSK-3β complex, and the phosphorylated β-catenin is recognized by β-TrCP, resulting in its ubiquitination and degradation ([@b37-mmr-22-03-1839]). As β-catenin is degraded, the expression of its downstream targets related to cell proliferation, such as cyclin D1, c-Myc and Oct4, is decreased resulting in cell proliferation inhibition ([@b38-mmr-22-03-1839]). Therefore, upregulating the negative regulators of Wnt/β-catenin pathways such as GSK-3β, APC or Axin can lead to the degradation of β-catenin, thereby inhibiting cell proliferation and promoting cardiac differentiation. The results of the present study validated that TanIIA treatment induced a decreased expression of β-catenin arising from the increased expression of GSK-3β and APC, thus inhibiting cell proliferation and promoting cardiac differentiation. Wnt11 and Wnt5a mainly trigger noncanonical Wnt signaling ([@b19-mmr-22-03-1839]). Wnt11 has been found to be essential for cardiac formation ([@b20-mmr-22-03-1839]), and Wnt5a has also been shown to have cardiac-promoting activity ([@b21-mmr-22-03-1839]). The results of the present study demonstrated that TanIIA treatment also induced the increased expression of Wnt11 and Wnt5a, thus promoting cardiac differentiation. In addition, previous studies have also indicated that both Wnt11 and Wnt5a contribute to cardiac development and differentiation by promoting the degradation of β-catenin that appears to be independent of the cytoplasmic destruction complex ([@b22-mmr-22-03-1839],[@b23-mmr-22-03-1839]). This suggests that TanIIA promotes cardiac differentiation by inhibiting the canonical signaling pathway through increasing the expression of GSK-3β and APC and simultaneously increasing expression of Wnt11 and Wnt5a. The present study used β-catenin agonist WAY-262611 to intervene in H9c2 cells treated with TanIIA. As expected, the results demonstrated that following WAY-262611 intervention, the H9c2 cells treated with TanIIA demonstrated a less clear trend of differentiation into cardiomyocytes and reduced improvement in cell motility.

In conclusion, the data from the present study demonstrated that TanIIA promotes cardiac differentiation and improves cell motility through modulation of the Wnt/β-catenin signaling pathway. Following the pharmacological actions of TanIIA and the result above, it is proposed that TanIIA may serve beneficial roles in myocardial regeneration following stem cell transplantation. In addition, the results also indicated the novel idea that the TanIIA may not be safe for pregnant women as it could adversely affect the normal cardiac development process; this hypothesis requires further study.
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![Effect of TanIIA on the proliferation of H9c2 cells. (A) H9c2 cells were incubated with increasing concentrations of TanIIA (0--20 mg/l) for 4 days and, at the end of the incubation, cell proliferation was determined using MTS assay. (B) H9c2 cells were incubated with or without 0.6 mg/l TanIIA for 4 days and, at the end of incubation, the expression changes in (a) CDK4, CDK6, cyclin D1, (b) c-Myc, Oct4, PCNA and (c) caspase-3 and cleaved caspase-3 were evaluated by western blotting. \*P\<0.05, significantly different from control. TanIIA, Tanshinone II A; CDK, cyclin dependent kinase; Oct4, octamer-binding transcription factor 4; PCNA, proliferating cell nuclear antigen.](MMR-22-03-1839-g00){#f1-mmr-22-03-1839}

![TanIIA promotes the expression of cTn. H9c2 cells were incubated with or without 0.6 mg/l TanIIA for 7 days. At the end of incubation, (A) immunohistochemistry was used to evaluate the expression of cTnI and cTnT (magnification, ×200) and (B) western blotting was used to further corroborate expression of cTnI and cTnT in the cells. In the immunohistochemical study, cell staining intensity was found to be positively correlated with the expression level of cTn. \*P\<0.05 vs. the control. TanIIA, Tanshinone II A; cTn, cardiac troponin.](MMR-22-03-1839-g01){#f2-mmr-22-03-1839}

![Effect of TanIIA on the expression of key components of the canonical and noncanonical Wnt signaling pathway. H9c2 cells were incubated with or without 0.6 mg/l TanIIA for 7 days. At the end of incubation, the expression of key components of the canonical and noncanonical Wnt signaling pathway was evaluated by western blotting. (A) Expression of GSK-3β, APC and β-catenin. (B) Expression of Wnt 5a and Wnt11. \*P\<0.05 vs. the control. TanIIA, Tanshinone II A; GSK-3β, glycogen synthase kinase 3; APC, adenomatous polyposis coli.](MMR-22-03-1839-g02){#f3-mmr-22-03-1839}

![TanIIA enhances cell motility. H9c2 cells were incubated with or without 0.6 mg/l TanIIA for 7 days. At the end of incubation, (A) scratch assay was used to evaluate cell motility (magnification, ×100) and (B) western blotting was used to assess the expression of chemokine receptors related to cell motility CXCR4 and CCR2. \*P\<0.05 vs. the control. TanIIA, Tanshinone II A; CXCR4, C-X-C chemokine receptor type 4; CCR2, C-C chemokine receptor type 2.](MMR-22-03-1839-g03){#f4-mmr-22-03-1839}

![β-catenin agonist WAY-262611 intervention upregulates the expression of proteins related to cell cycle and proliferation in H9c2 cells treated with TanIIA. H9c2 cells were treated with TanIIA or TanIIA combined with β-catenin agonist WAY-262611 for 7 days. At the end of incubation, the expression changes of (A) β-catenin, (B) CDK4, CDK6, cyclin D1, and (C) c-Myc, Oct4 and PCNA were evaluated by western blotting. \*P\<0.05 vs. the control; ^\#^P\<0.05: vs. TanIIA alone. TanIIA, Tanshinone II A; CDK, cyclin dependent kinase; Oct4, octamer-binding transcription factor 4; PCNA, proliferating cell nuclear antigen.](MMR-22-03-1839-g04){#f5-mmr-22-03-1839}

![Effects of β-catenin agonist WAY-262611 on the promoting effect of TanIIA on cardiac differentiation and cell motility. H9c2 cells were treated with TanIIA or TanIIA combined with β-catenin agonist WAY-262611 for 7 days. At the end of incubation, (A) immunohistochemistry was used to evaluate the expression of cTn (magnification, ×200), (B) western blotting was used to further corroborate expression of cTn in the cells, (C) scratch assay was used to evaluate cell motility (magnification, ×100) and (D) western blotting was used to assess the expression of chemokine receptors related to cell motility CXCR4 and CCR2. In the immunohistochemical study, cell staining intensity was found to be positively correlated with the expression level of cTn. \*P\<0.05 vs. the control; ^\#^P\<0.05 vs. TanIIA alone. TanIIA, Tanshinone II A; cTn, cardiac troponin; CXCR4, C-X-C chemokine receptor type 4; CCR2, C-C chemokine receptor type 2.](MMR-22-03-1839-g05){#f6-mmr-22-03-1839}
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